Wireless sensor networks are provided with a limited source of power. The lifetime of such networks is an overwhelming matter in most network applications. This lifetime depends strongly on how efficiently such energy is distributed over the nodes especially during transmitting and receiving data. Each node may route messages to destination nodes either through short hops or long hops. Optimizing the length of these hops may save energy, and therefore extend the lifetime of WSNs. In this paper, we propose a theorem to optimize the hop's length so to make WSN power consumption minimal. The theorem establishes a simple condition on hop's length range. Computer simulation when performing such condition on Mica2 sensors and Mica2dot sensors reveals good performance regarding WSNs energy consumption.
Introduction
In the last two decades, development in Micro-Electro-Mechanical Systems (MEMS) technology, electronics and wireless communications has permitted the development of wireless sensor nodes that are small in size, cheap and communicate via multi-hops scheme. These sensors, also known as motes, are generally composed of a power source (battery), a processing unit with limited capacity and a communication component (transceiver) [1] [2] . The deployment of these sensor nodes for the monitoring or the event detection in unattainable environment is known under wireless sensor networks (WSNs).
In the last years, WSNs have been used in many applications like military surveillance [3] , disaster management [4] , forest fire detection, seismic detection [5] , habitat monitoring, biomedical health monitoring [6] , in-ventory tracking, animal tracking, hazardous environment sensing and smart spaces, general engineering, commercial applications, home applications. Indeed, Business 2.0 lists sensor networks as one of six technologies that will change the world, and Technology Review at MIT and Global future identify WSNs as one of the 10 emerging technologies that will change the world [7] .
A sensor network is composed of large number of sensor nodes, which have priori positions fixed in a monitoring field or, generally, randomly deployed by a car, airplane or rocket launcher in inaccessible areas (volcano, seabed…). In the most case, it is infeasible to replace or change the node batteries according to the nature of the monitoring area; therefore each node has strict limitations in the usage of its electrical power, computation and memory resources. A sensor network should be very well-formed to achieve its purposes and to extend its life-time. Indeed how well the network is formed determines the life of the whole network as well as the quality of data transmission.
The nodes batteries in a WSN are considered as scarce resources and should be used efficiently, because of the random deployment of nodes, with limited batteries power, in difficult terrains. A sensor node consumes its battery power in sensing, receiving, sending and processing data; therefore the most energy-consuming component is the radio module that provides wireless communications [8] ; indeed, sending/receiving data consumes more energy than any other operation. The energy consumption when transmitting 1 bit of data on the wireless channel is similar to the energy required to execute thousands of cycles of CPU instructions [9] . Therefore, the energy efficiency of the communication protocol designed for WSN, affects largely the energy consumption and network life-time of wireless sensor networks [10] .
In the most times, sensor nodes in WSN do not have the necessary power and a sufficient communication range to reach the base station. So, the multi-hops mode of communication is used to forward data [8] . A graphical representation of wireless sensor networks is shown in Figure 1 . Hence, a typical sensor node, don't only sense and forward its own data but also have to act as a router i.e., to forward the data of its neighbors. Many papers in the literature showed that sending/receiving data consumes more energy than any other operation. It can be inferred that routing is one of the principal tasks in WSNs; therefore, good protocols should be developed in order to achieve maximum energy efficiency.
In nowadays, sensors are equipped with developed radio transceivers, which have the possibility to adjust their transmitting power, so some destinations can be reached with either a large number of smaller hops (multi-hops) or a small number of larger hops (single-hop) [6] . Energy efficiency of these two approaches depends on: the path loss between transmitter and receiver and power consumption of the radio transceiver in various operating modes [11] [12] .
The confusion over the required number of hops comes from the reality that each protocol (long-hops and short-hops routing) has its own advantages. Transmitting data over many short-hops minimizes the transmission energy which is proportional with the communication distance. However, transmitting data over long distance reduces the reception cost (as the number of nodes involved in data routing decreases).
Related Works
The issue of routing packets over long-hops or short-hops has been treated by many authors in the last years and their conclusions are varied depending on the criteria's considered and the approach taken [13] . Some theoretical works [13] [14] showed that multi-hop routing is more efficient than single-hop routing; others showed the opposite in some real WSNs, the experimentations in these works showed that single-hop routing, can be much more energy efficient than multi-hop routing [15] [16] .
Yin et al. in [17] , presented two strategy of control, one of these methods consists of decreasing the transmission range of each node. According to the authors, using a route with many short-hops is generally more energy-efficient than one with a few long-hops; and will reduce the overall power consumption of the network.
In turn, Haengi specified many reasons why long-hops routing protocol is more energy efficient [18] . Haengi claimed that although the transmitted energy drops significantly with distance diminution but the reduction of transmission power does not yield a decrease in the total energy consumption. In this paper, we provide a simple condition; if respected, we will have the optimal length of hops that save more energy in WSNs. For this we need to define the most used model of the energy consumption, defined for the wireless sensor networks.
The Used Radio Model
A communication can be established between transmitter and receiver only when strength of the received radio signal is greater than the receiver antenna sensitivity threshold [18] . The diminution of the signal power density, between transmitter and receiver, is called path loss.
In this paper we use one of the most widely accepted and used models for network simulations and theoretical analysis. We use the log-distance path loss model presented in [5] [13] [18] . The power received by a remote node by meters from the sender can be expressed as follows:
where: 0 P is the received signal power at the distance 0 d from a transmitter and α is the path loss exponent, which is empirically measured under different propagation environments in [5] [13] . Typical values of path loss exponent in such environments are presented in Table 1 .
In this paper, Equation (1) is used to define the minimum power required to communicate over a given distance between two nodes; after that a comparison is made between two routing strategies: long-hops and short-hops routing. When a node A transmits data to a node B , the transmitted signal must be is equal to the sensitivity threshold t P of the receiver to guarantee the signal detecting at the receiver [13] [14] . According to the Figure 1 we can therefore write:
From which, we can get the signal energy required, which must be transmitted by the transmitter, to reach the destination:
In [18] and the references therein, the authors assumed that during the data transmission only the transmitter is losing energy, the receiver doesn't spend any energy during a reception. According to them, the short-hops strategy would be the most energy efficient, but since the necessary power for reception, when receiving a signal by a node, should not be neglected [8] [14] [19], we will show in this paper that using long-hops strategy between two nodes (source and destination) is an optimal solution. This is due to the fact that saving power in transmission by the short multi-hops scheme doesn't compensate the spent energy during the reception. The Table 1 . Typical values of path loss exponent.
Environment α

Free-space 2
Urban area LOS 2.7 ÷ 3.5
Urban area no LOS 3 ÷ 5
Indoor LOS 1.6 ÷ 1.8
Factories no LOS 2 ÷ 3
Buildings no LOS 4 ÷ 6 energy spent by a node when receiving data can be equivalent to transmitting over a distant [14] . Thus the Formula:
Short-Hops vs. Long-Hops Analysis
Figure 2 represents two topologies of multi-hop routing between two distant nodes, a source A and a destination B , with a distance d . The first topology uses n hops to transmit data from A to B (using n short-hops of distance x ); while the second uses m hops (using m long-hops of distance y ); with 2 n m = ( 2 y x = ), so we can write:
Since 2 y x = , Equation (5) becomes:
Using Equation (3) and Equation (4), we can now compute the energy required to transmit a message A and B . For the first topology, we have a path with n hops. Thus we can express the power required to transmit data from A to B , using n hops, nh P , as: 
This can be written as:
We know from Equation (6), that 2
, therefore Equation (8) 
Short-Hops vs. Long-Hops Comparison
In this section we present our main result. Let's compute now nh mh P P − :
This is equal to: 
Therefore:
This means:
And since 2 y x = , Equation (16) becomes:
And since y x  , inequalities (16) and (17) means that optimal energy consumption can be achieved when the hops lengths are included in the interval:
Simulations and Results Validation
To validate the condition found in the previous section, we performed simulations with two different wireless sensor networks, the first-one is composed of Mica2 sensors and the second is composed of Mica2dot sensors. We used, in our simulations, the experimental characteristics of these two types of sensors, which are presented in [20] and described in Table 2 .
In our simulations, we used Equation (3) to calculate the necessary energy to produce reachable signal by the receiver and Equation (4) to calculate the energy spent by a node when receiving data. We used also free space path loss exponent, which means 2 α = , another assumption we made, is that the size of the all transmitted messages simulated WSNs have are fixed and equal to 15 bit.
First Case Study
To simulate the energy consumption of Mica2 sensors, we assumed the wireless sensor networks that are composed of aligned Mica2 nodes (Transmitter-Relays-Sink) with a length of 760 meters (distance between Transmitter and Sink), and we computed the energy consumed by these networks with different hops number, which means different hop lengths, which means also, different relays number. Computing the total consumed power by these different networks gave the results presented in Table 3 .
We conclude from 
Second Case Study
With the same way, we simulated the behaviors of Mica2dot sensors; we computed the consumed power for different aligned networks, with different hops length. We got the results presented in Table 4 . From Table 4 we can get the number of hops that makes energy consumption minimum, which is equal to 5, 6 or 8 hops; this result is verified, also, by our condition that limits the length of hops that ensure the minimum 
Conclusion
In this paper, we have analyzed the impact of the hop lengths on energy consumption in wireless sensor networks; we presented, also, the best hop length to reduce the energy consumption and thus extend the network life-time. The efficiency of the expressed condition in this paper is validated by the presented results of the simulations. Moreover, using the minimum hops length can be more efficient in the case of transmission failures that require retransmission. In future works we will focus on the problem of routing data by the less costly path in terms of energy, using the condition presented in this paper.
